Background and objective: Shoulder arthroscopic surgeries evolve with intense postoperative pain. Several analgesic techniques have been advocated. The aim of this study was to compare suprascapular and axillary nerve blocks in shoulder arthroscopy using the interscalene approach to brachial plexus blockade. Methods: According to the technique used, sixty-eight patients were allocated into two groups: interscalene group (IG, n = 34) and selective group (SG, n = 34), with neurostimulation approach used for both techniques. After appropriate motor response, IG received 30 mL of 0.33% levobupivacaine in 50% enantiomeric excess with adrenalin 1:200,000. After motor response of suprascapular and axillary nerves, SG received 15 mL of the same substance on each nerve. General anesthesia was then administered. Variables assessed were time to perform the blocks, analgesia, opioid consumption, motor block, cardiovascular stability, patient satisfaction and acceptability. Results: Time for interscalene blockade was signifi cantly shorter than for selective blockade. Analgesia was signifi cantly higher in the immediate postoperative period in IG and in the late postoperative period in SG. Morphine consumption was signifi cantly higher in the fi rst hour in SG. Motor block was signifi cantly lower in SG. There was no difference between groups regarding cardiocirculatory stability and patient satisfaction and acceptability. Failure occurred in IG (1) and SG (2). Conclusions: Both techniques are safe, effective, and with the same degree of satisfaction and acceptability. The selective blockade of both nerves showed satisfactory analgesia, with the advantage of providing motor block restricted to the shoulder.
Introduction
Shoulder arthroscopic surgeries cause severe postoperative pain 1 . Analgesic techniques, such as intra-articular injection of local anesthetics, parenteral opioids, brachial plexus block, and suprascapular nerve block have been used with varying effectiveness, but not without side effects [2] [3] [4] [5] . Continuous intra-articular bupivacaine infusion is associated with glenohumeral chondrolysis [2] [3] . Parenteral opioids are effective, but may result in adverse reactions, such as nausea, sedation, and dizziness 4 . The interscalene block technique is more effective in controlling postoperative pain, causing lower pain scores and requiring less rescue morphine 5 . However, it may eventually be associated with complications such as unintentional injection of local anesthetic into the epidural space, spinal cord and brachial plexus injury; or adverse effects, such as blockade of phrenic, vagus, recurrent laryngeal, stellate ganglion, and pneumothorax nerve 6, 7 . These potential side effects and complications prompted several authors to seek options to minimize it.
The isolated suprascapular nerve block is an effective option to interscalene block 8, 9 during anesthesia and post-operative pain management in arthroscopic shoulder surgeries under general anesthesia, with low complication incidence (1%), particularly pneumothorax 10 . Because the suprascapular nerve is not solely responsible for the sensory and motor innervation of the shoulder joint, it cannot be used as a single technique for surgical anesthesia. The axillary nerve complements the main joint innervation 11 . The main objective of this prospective, randomized study was to compare the selective blockade of the suprascapular and axillary nerves with interscalene nerve block and assess the quality of analgesia, execution time of techniques, intensity of motor block, cardiovascular stability, adverse effects, patient satisfaction, acceptability of techniques, and duration of analgesia.
Methods
The institutional Ethics Committee approved the study protocol, and all patients signed the informed consent. The study design was prospective, comparative, and randomized 12 , conducted from June 2010 to May 2011.
After pre-anesthetic evaluation, patients were randomly assigned to two sequential and predetermined groups, and there were no technical criteria for method suspension. There was total adherence, with no dropouts during protocol. For sample size calculation, a pilot study was performed with 10 patients in each group, considering pain scores greater than three (assessed 24 hours after blockade). It was achieved in 10% of patients in the selective group (control) and in 30% of the comparison group (interscalene). Based on these fi ndings, a sample size of 68 patients and an alpha error of 5%, power of 80%, and detectable difference of 0.1 between groups were estimated (10% difference in the incidence of patients with scores greater than three).
Sixty-eight elective patients scheduled for shoulder arthroscopy surgery, aged between 18 and 80 years, both genders, ASA physical status I-II, with body mass index less than 35 kg.m -2 , ability to understand the visual analogue pain scale, and no allergies to drugs were selected. All procedures were performed by the same anesthesiologist and same surgeon. After monitoring with electrocardiogram (lead CM5), noninvasive blood pressure, and pulse oximetry, venipuncture with a 20G catheter and marking of anatomical landmarks according to the list generated by the randomization process were performed. Patients were sedated with midazolam 0.025 mg.kg -1 and fentanyl 1 µg.kg -1 . Two groups of 34 patients were distributed as follows: interscalene group (IG) scheduled for interscalene blockade and selective group (SG) scheduled for selective blockade of the suprascapular and axillary nerves. Blockades were performed with the aid of the neurostimulator (Stimuplex, B. Braun, Melsungen, Germany), in supine position, with a 22G, 50 mm needle (B. Braun, Melsungen AG, Germany) with patients in a sitting position, with 22G, 100 mm needle. The frequency of stimulation was 2 Hz, amplitude 100 µs, intensity set to 0.5 mA. After appropriate motor response, IG received 30 mL of levobupivacaine in 50% enantiomeric excess (S75: R25) at 0.33% with epinephrine 1:200,000 after motor response of deltoid, lateral pectoral, biceps or triceps muscle. SG received 15 mL of the same solution in each nerve, according to the techniques: suprascapular nerve block was performed at a point approximately 2 cm medial to the posterolateral edge of the acromion and 2 cm cranial to the upper border of the scapular spine until motor response of the supraspinatus and/or infraspinatus muscles ( Figure 1 ). Axillary nerve block was performed drawing a line that connected the anterior edge of the acromion to the inferior angle of the scapula, then a second line was drawn horizontally at its midpoint to represent the level at which the quadrangular space was identifi ed. The puncture site was at the convergence of the second line with one that began in the posterior edge of the acromion, until deltoid motor response ( Figure 2 ). We found that marking the anatomical landmarks facilitated the identifi cation of nerves. We also registered the blockade duration and time for execution of techniques (defi ned as time elapsed from the moment of antisepsis until the needle stimulation withdrawal), presence of paresthesia, vascular puncture or other complications.
Twenty minutes after the injection of the local anesthetic, with the patient seated, sensory and motor blocks were assessed on the operated limb, using the contralateral arm as a control. Success of sensory block was assessed by loss of cold sensation in the innervation sites of respective nerves using cotton ball soaked in ether. Motor block was assessed using the modifi ed Bromage scale 13 (grade 1 = no blocking; level 2 = unable to abduction and lateral rotation of the arm; grade 3 = complete blockade of the shoulder, arm, and forearm). Blockades were classifi ed as adequate (defi ned as complete sensory and motor anesthesia of the shoulder) and inadequate (defi ned as partial or complete absence of sensory and/or motor anesthesia of the shoulder area). In case of failure, interscalene brachial plexus block was performed with half of the initial dose. Complications and/or adverse effects were recorded.
After the blockades, patients received general anesthesia with propofol (2.0-2.5 mg.kg -1 ), lidocaine 2% without vasoconstrictor (1 mg.kg -1 ), cisatracurium (0.15 mg.kg -1 ), dexamethasone 5 mg, and ondansetron 4 mg. Surgeries were performed with patients in the lateral position and anesthetized with sevofl urane (0.8-1.0 MAC) and 50% nitrous oxide. Cardiovascular parameters (heart rate and systolic and diastolic blood pressures) were measured and recorded on arrival in the operating room (T1), every 5 minutes after blockade, 30 minutes after the start of surgery (T2), upon awakening (T3), and on discharge from the post-anesthesia care unit (PACU) (T4). Cardiovascular instability (BP and HR > 30% from baseline of patients) was also considered a failure criterion.
Postoperative analgesia consisted of the residual effects of interscalene and selective blocks and systematic dipyrone (2 g every 6 hours IV). Pain was assessed using the visual analog scale (0 = no pain, 10 = worst possible pain) at times: T0 (PACU), T6 (6 hours after blockade), T12 (12 hours after blockade), and T24 (24 hours after blockade). All patients were evaluated by a physician who was not involved in the surgery. In case of moderate (> 3 ≤ 6) or severe (> 7) pain, single-dose intravenous morphine (0.04 mg.kg -1 ) was used as rescue medication, with consumption recorded. Duration of analgesia was recorded. After 24 hours, patients were asked to rate discomfort during motor block, defi ned as sense of unease related to limb paralysis (0 = no discomfort, 10 = maximum discomfort), and satisfaction with the techniques (0 = dissatisfi ed, 10 = completely satisfi ed). We also recorded the possible complications and/or side effects and if patients would accept the same anesthesia in the future (if required).
Patients were discharged 24 hours after surgery and instructed to record the time of pain onset. They were contacted by telephone 48 hours after surgery.
Data were presented in frequency distribution tables for discrete variables or mean and standard deviation for continuous variables. Comparison between variables was performed using the chi-square test for discrete variables (or Fisher's exact test when applicable) or Student t-test for continuous variables. The statistically signifi cant comparisons were tested in multivariate model to identify confounding factors addressed by the evaluation of 13 magnetic resonance images (MRI). For calculation purposes, pain scores greater than three were considered. The value of α = 5% was adopted as the level of signifi cance in all statistical tests.
Results
Demographic data, type of surgery, evaluated variables, and the respective statistical signifi cance are shown in Table 1 . The anatomical markings allowed the identifi cation of nerves in all patients. Interscalene block was performed during 3.5 ± 1 minute, suprascapular block during 4 ± 2 minutes, and axillary block during 3 ± 1 minute, a statistically signifi cant difference (p < 0.001).
Satisfactory sensory block assessed before the surgery and postoperatively was achieved in both groups (Table 2 ). In IG, we observed appropriate block in 33 patients (97.05%), with one case of complete failure (2.94%). In SG, adequate blockade was achieved in 31 patients (91.18%), inadequate in one patient (partial failure of axillary nerve sensory block -2.94%), and complete failure in two patients (5.88%), with no signifi cant difference (p = 1.000). The duration of analgesia was statistically shorter in SG at T0 and took on an inverse relationship at T24 compared to IG (Figure 3 ). Only one patient (2.94%) at T6 and two patients (5.88%) at T12 reported moderate or severe pain in SG, and moderate pain prevailed. In IG, one patient at T6 and four patients (11.76%) at T12 reported this type of pain.
Mean duration of analgesia was 20.4 hours in IG and 26.3 hours in SG (p = 0.002) ( Table 2 ). In line with the observed profi le in pain scores, morphine consumption was signifi cantly higher in SG at T0 (20/34 -52.94% x 4/34 -11.7%; p = 0.009). However, at T24, this result was not repeated, with fi ve There was signifi cant difference between the degrees of motor blockade in both groups (Table 2 ). In SG, 94.12% of patients achieved grade 2 of motor block and 5.88% did not achieve any degree of motor block (grade 1). In IG, 58.82% achieved grade 3 of motor block and 41.18% grade 2. Motor blockade discomfort showed a p < 0.001, which may be explained by the almost absolute no complaints of discomfort related to limb paralysis by patients in SG (03/34 -8.82%), contrary to the high incidence seen in IG (17/34 -50%) (Table II) .
Cardiocirculatory stability (SBP, DBP and HR) occurred in both groups, without statistical signifi cance (Figure 4 and Figure 5 , T2).
There were no complications (pneumothorax, local anesthetic injection into the epidural space) and/or adverse effects (recurrent laryngeal and stellate ganglion, venipuncture, seizures, paresthesia) during blockades. The incidence of nausea and vomiting was 11.8% in SG and 17.65% in IG, with no signifi cant difference (p = 0.961).
Satisfaction with the technique was similar in both groups and not statistically signifi cant (Table 2) . Two patients in IG and one patient in SG reported they would undergo the same anesthetic technique again.
Confounding factors were not statistically signifi cant (Table 3) . Patients were discharged 24 hours after surgery and released for passive elbow and hand physiotherapy. 
Discussion
Selective blockade of the suprascapular and axillary nerves was easy to perform, with less analgesia in the immediate postoperative period, lower incidence of motor block, longer time to perform it, prolonged analgesia in the postoperative period and the same level of satisfaction, incidence of complications and/or adverse effects, compared to interscalene block, which is the technique most widely used for shoulder procedures. It was not the object of study to select the two techniques based on surgical procedures. The shoulder rotator cuff consists of tendons from four muscles: supraspinatus, infraspinatus, subscapularis, and teres minor 14 . The suprascapular nerve is responsible for supplying 70% of sensory and motor coordination, which includes the upper, medial, and posterior joint regions, posterior capsule, acromioclavicular joint, subacromial bursa, and coracoclavicular ligament and, variably, the skin around these regions 11 . The axillary nerve complements the main innervation, positioned laterally to the radial nerve and entering the quadrangular space, where it divides into two branches: the anterior branch innervates the middle and anterior portion of the deltoid muscle and the posterior branch innervates the teres minor and the posterior fi bers of this muscle and terminates as the arm lateral superior cutaneous nerve 11, 15 . Compared to the interscalene blockade, which blocks the entire shoulder girdle and upper limb, the selective block is limited to the supraspinatus, infraspinatus, and teres minor muscles, preserving the arm, forearm, and hand muscles 15 . Subscapularis muscle and the anterior glenohumeral joint capsule, supplied by the subscapular nerve, are not anesthetized by the selective technique 11 . Anatomical markings and peripheral nerve stimulator were used in both groups. The time found for blockades in SG (6 min) was nearly twice that of the interscalene block (3.5 min), which could be explained by the use of two specifi c and independent accesses. There is a report of another lateral approach that directs the needle medial and anteriorly to the convergence of the spine and clavicle 8 . In this study, we used the modifi ed lateral approach 18 , similar to another method 8 , which had the same insertion location, but the needle is positioned posteriorly (70° angle to the skin in a horizontal plane) towards the scapular spine, which makes the bevel contact the supraspinous fossa or the scapular spine ventral wall. Consequently, the injected solution is directed to the suprascapular notch and takes the fossa's concavity. This study confi rms previous study in which there were no complications, such as pneumothorax, suprascapular nerve injury, and hematoma 8, 18 . In the axillary nerve approach, local anesthetic was deposited into the quadrangular space, before its division 15 . Satisfactory sensory block (assessed before surgery and postoperatively) and cardiocirculatory stability (assessed at four time points) proved the analgesic effi cacy of both techniques. Because the suprascapular nerve is predominantly motor 14 , without cutaneous sensory components, the sensory test with ether was ineffective; thus, motor function was used as a tool for assessing blockade effectiveness.
Contrary to other authors 11 who reported pain after 6 hours postoperatively, we found a high incidence of pain in the PACU in SG (52.94%), which, if compared to IG (11.7%) was significant. This suggests that blocking the entire brachial plexus is most effective in the immediate postoperative period. Factors, such as randomization of the study (subscapularis tendon and anterior glenohumeral capsule are not anesthetized 11 ) and anterior capsular distension caused by the use of intra-articular saline, explain the higher initial pain scores in SG. From the second postoperative hour (with edema absorption), this ratio equaled and/or reversed in relation to the interscalene group (mean duration of analgesia 20.4 hours), which showed that SG achieved more prolonged analgesia in the postoperative period (mean duration of analgesia 26.3 hours, p = 0.002). This refl ected in higher morphine consumption in SG during PACU stay (52.942%) compared to the interscalene group (11.7%). However, from the sixth hour, consumption equaled and reversed from the 12 th hour.
The non-signifi cance seen during the test of confounding factors regarding analgesia also proves the effectiveness of both techniques. Some types of injuries cause supraspinatus tendon retraction; consequently, suprascapular nerve undergoes modifi cation from its original position 19, 20 . The two failures in selective group occurred by diffi culty in locating this nerve due to retraction imposed by the type of rotator cuff injury. The only failure recorded in the interscalene group was due to technical diffi culties (overweight and very short neck patient). All failures were solved with new interscalene approach to brachial plexus, with half of the initial dose.
Phrenic nerve block occurs in all patients with the use of interscalene technique 21, 22 . We had no opportunity to test selective blockade in patients with respiratory diseases. However, because in this technique the needle is introduced distant from the pleura and nerves involved in breathing (phrenic and recurrent laryngeal nerve), it is possible to predict that this blockade is associated with minimal risk of respiratory complications, confi rmed by a study of the same technique 11 . Therefore, it would be interesting to consider this approach in patients with absolute contraindication to any degree of phrenic nerve block.
There were no complications during and after blockades in both groups, confi rming the safety of the interscalene and selective techniques.
Radial nerve block occurred in 5% of female patients 15 , a value much lower than that found in this work (characterized by mild sensory block), which was 17.6% (fi ve women and one man). This result indicates that indeed there may be suffi cient spreading of local anesthetic to the posterior cord of the brachial plexus when suprascapular nerve block is performed, particularly in patients of small stature. It is likely that by decreasing the anesthetic volume such occurrences may decrease 15 . The low incidence of nausea and vomiting was due to the use of opioids at low doses and dipyrone alone in the postoperative period. The few related cases may be attributed to the use of inhaled agents.
Despite the excellent tolerance, two patients in the interscalene group reported that, if there were another option, they would not undergo the same anesthesia again because of the unpleasant presence of residual motor blockade. In SG, only one patient reported the same opinion because of nausea and vomiting.
Our study had limitations. We used only 13 of 34 RM images performed in the selective group to assess the signifi cance of subscapularis muscle injury in the occurrence of pain; we did not record the amount of saline solution used in each procedure by the surgeon, which could cause distention of the glenohumeral anterior capsule and infl uence pain score assessment. Because of erroneous initial evaluation, patients with recurrent scapulohumeral dislocation were not excluded, whose approach includes repair of the anterior capsule and/or subscapularis muscle. However, despite the small number of cases, the assessment of confounding factors regarding type of surgery and occurrence of pain was not statistically signifi cant.
Both techniques (interscalene and selective) are effective and safe in arthroscopic shoulder surgery. The selective technique advantages regarding interscalene brachial plexus block include the ability to move the arm, forearm, and hand (which prevents the motor block of upper areas innervated by the lower roots of the brachial plexus 23 , C8-T1), prevention of adverse effects (particularly phrenic nerve block, which makes the technique quite attractive for patients with pulmonary disease) and associated complications.
The understanding of anatomy, complications, contraindications, and technique limitations allows the anesthesiologist to choose the best technique to provide quality anesthesia in arthroscopic shoulder surgeries. In conclusion, regarding interscalene block, the selective blockade of the suprascapular and axillary nerves provides less analgesia in the immediate postoperative period, more prolonged analgesia in the postoperative period, motor block restricted to the shoulder, minor discomfort associated with upper limb paralysis, similar satisfaction and acceptability, without phrenic nerve block.
